The concept of the partition of body water and electrolytes into two anatomical entities, extracellular and intracellular fluid, is well established. This is based on their fundamental differences in electrolyte structure (1) . More refined definitions of water and electrolyte anatomy have become possible by the application of tracer dilution methods to in vivo estimation of body water and electrolyte content (2, 3) . Thus, ideas on the organization of extracellular fluid have undergone distinct evolution in recent years. It has been pointed out that the equilibration properties of sodium in bone and of inulin and thiosulfate in dense connective tissue distinguishes the extracellular phase of these tissues from free interstitial fluid (4, 5) . The proposal has also been made that the term transcellular fluid be applied to those extracellular fluids which are not in simple diffusion equilibrium with plasma and are probably formed as a result of active cellular transport mechanisms (3) . This would include fluid in the gastrointestinal tract, joint spaces, synovial sacs, cerebrospinal canal, anterior chamber of the eye, glandular ducts and acini, and in the renal tubules. The physiological significance of transcellular fluids will depend, in part, on the volume of these fluids and the extent of exchangeability of their individual components.
This and the three articles to follow (6) (7) (8) Association.
gut water and electrolytes with body water and electrolytes, using tracer indicators, in rabbits. These studies were undertaken because a) the gastrointestinal contents probably contribute considerably to the volume of transcellular fluid, and b) it has been shown that there is rapid bi-directional transport of water and electrolytes between blood and the intestinal lumen (9) . In some commonly used laboratory animals, such as the rabbit and guinea pig, intraluminal gastrointestinal water content estimated by desiccation methods constituted a major subdivision of body water (10) . This communication presents observations on a) the amount of intraluminal gastrointestinal sodium relative to total exchangeable sodium (Na.) and the extent of radiosodium exchange equilibrium in gastrointestinal contents in rabbits and b) the amount of intraluminal gastrointestinal sodium in human cadavers. METHODS 
A. Rabbits
Forty adult albino rabbits were studied in pairs consisting of a male and a non-gravid female. The animals were allowed to consume pellets and water ad libitum until the time of injection, or else water was allowed ad libitum but food was withheld for a variable period of time before sacrifice. The average sodium intake prior to fasting was 15 mEq. per day. Figures 1 and 2 the end of these manipulations. The gastrointestinal contents were homogenized, the total volume recorded using graduated cylinders, and aliquots were taken for estimation of total solids, chloride, sodium and potassium.
Triplicate sodium analyses were made from duplicate dilutions of the separate gastrointestinal contents with a lithium internal standard flame photometer (Baird Associates-Na II filter).
CALCULATIONS A. Rabbits
The total exchangeable sodium content culated from the dilution formula (2): Na Na.24 -Na024
Na.24/Na.U3
where:
(Na.) was cal- (1) Na?M-injected radiosodium in counts per minute.
Na24 radiosodium excreted in the urine (bladder plus cage urine) to time of equilibrium blood sample. Na.4/Na.s = serum specific activity at equilibrium of distribution in counts per mEq. In these studies the equilibrium samples were obtained 20 to 26 hours after administration of the radiosodium solution. Urinary loss of radiosodium during this period averaged 6.6 per cent of the injected amount, with a range of 2.2 to 10.7 per cent.
The degree of ionic exchange of intraluminal sodium with serum sodium was evaluated by relating gastrointestinal specific activities to the serum specific activities. The fraction of the tissue element, in this case intraluminal sodium, exchanged with serum element is given by the formula:
Specific activity ratio (S.A.R.) = F.E. = (S.A.)t (2) (S.A.).
where: F.E. = fraction exchanged.
(S.A.)t = Nat24/Nat" = tissue specific activity at equilibrium of distribution in counts per mEq.
(S.A.). = Na.24/Na." = serum specific activity at equilibrium of distribution in counts per mEq.
The derivation of this formula requires that the serum specific activity be constant or almost constant at the time of tissue sampling (4) . Although equating the specific activity ratio (S.A.), to the fraction exchanged is not rigorously precise, it is sufficiently accurate for the purposes of this study.
B. Human subjects
The intraluminal gastrointestinal sodium content has been expressed as an absolute quantity (mEq.), as the amount per unit of body weight (mEq. per kgm.) and as a per cent of the "predicted" total exchangeable sodium content (cf . Table VI) . To reduce the data to a fraction of the labile pool of body sodium it was necessary to predict the Na. in each subject. For this purpose we used the previously published normal standards (12) , rather than attempting to take into account deviations induced by a particular disease state. The mean value listed in these tables was applied to each patient according to sex and age, using the body weight as the reference unit. In studies on patients with a wide variety of disease states, the Na. was invariably found to be less than twice the expected normal values in edema-free subjects (13) . It seems most likely, therefore, that the gastrointestinal sodium content expressed as per cent of the Na. is accurate, at least to within a factor of 2 as a postmortem estimate. The absolute error resulting from agonal or postmortem migration of sodium across the gastrointestinal mucosa is unknown. The method employed has the advantage of eliminating the possibility of weighting the data by arbitrary selection of a predicted Na. value.
RESULTS

A. Rabbits
To evaluate the possibility of sex-linked differences in either total exchangeable sodium content or the relative amount of intraluminal gastrointestinal sodium content, the rabbits were studied in pairs consisting of a male and a non-gravid female. The pairs of animals were subjected to identical fasting periods. Table I details com- parisons of the Nan, Na. per kgm. of body weight and the "total" gastrointestinal sodium between male and female rabbits matched for age and body weight. "Total" gastrointestinal sodium refers to the intraluminal sodium content of the gastroin- (12) .
Exchange equilibrium between gastrointestinal sodium and body sodium was evaluated by expressing the specific activity of gut fluid as a fraction of the serum specific activity (cf. 
where: x = mean value s.e. = standard error The p value for small intestine sodium exchange is < 0.02 and does achieve statistical significance. However, the quantity of sodium involved (3 per cent) is negligible.
The magnitude of intraluminal gastrointestinal sodium content is summarized in Table IV . "Total" gastrointestinal sodium is 14.2 2.4 per cent of the Nae; with the smallest fraction in the stomach, 0.9 0.4 per cent of the Nae, an intermediate amount in the small intestine, 3.2 1.2 per cent of the Na4, and the major portion in the cecum and proximal transverse colon, 10.2 + 2.1 per cent of the Nae. The proximal segment of the large bowel, therefore, contains 72 per cent of the total gastrointestinal sodium in the normal rabbit. The impressive amount of sodium in the cecum and proximal transverse colon raises the possibility of fairly large rates of sodium loss in the stool. This question was examined by measuring the intraluminal sodium content of the descending colon and rectum and by quantitative 24-hour stool collections during short fasting periods (16 to 41 hours). The results are listed in Table V . The distal large bowel had a mean sodium content of 1.9 per cent of the "total" gastrointestinal sodium content, and the rate of stool sodium excretion averaged 0.40 mEq. per day, which is equivalent to 2.9 per cent of the "total" gastrointestinal sodium or 0.41 per cent of the Nae. The cecal mechanism for sodium conservation is apparently quite efficient.
B. Humans
The results obtained on postmortem examination are listed in To express the intraluminal gastrointestinal sodium content in terms of the total labile pool of body sodium, a predicted Nae was calculated for each case from previously published normal values (12), taking into account the patient's age, sex and body weight. Mean "total" gastrointestinal sodium was 0.54 mEq. per kgm. of body weight, or 1.6 per cent of the predicted Na,.
Stomach and proximal large bowel sodium contents almost equaled each other, averaging 0.18 mEq. per kgm. of body weight, or 0.45 per cent of the predicted Nae, and 0.14 mEq. per kgm. of body weight, or 0.36 per cent of the predicted Nae, respectively. Small bowel contents contained the largest fraction of gut sodium with a mean value of 0.30 mEq. per kgm. of body weight or 0.74 per cent of the predicted Nae.
DISCUSSION
Sodium is universally present, usually in high concentrations, in body secretions. In humans the lowest concentrations of sodium tend to occur in stomach and cecal aspirates, averaging 60.4 and 52.5 mEq. per liter, respectively, while the highest concentrations occur in biliary and pancreatic secretions, averaging 148.9 and 141.1 mEq. per liter, respectively (14) . Nevertheless, sodium in the gastrointestinal tract has been ignored This is in spite of the fact that in many species the volume of intraluminal gastrointestinal fluid is considerable (10, 15) . The justification for separate identification of gut lumen contents rests firmly on both anatomical and physiological grounds. Anatomically, gastrointestinal sodium is clearly extracellular and falls in the same general category as plasma and interstitial fluid. However, the similarity ends there. Visscher and his co-workers have shown that the intraluminal gut-plasma concentration ratios for sodium, chloride and hydrogen ions may exceed 100; that water may enter the intestinal phase against a concentration gradient; that sodium may leave the intestinal phase against a concentration gradient; that the total flux of sodium ion across the intestinal mucosa is higher at the oral end; and that the flux of sodium out of the intestinal lumen relative to inward flux is greatest at the aboral end of bowel (9, (16) (17) (18) . These findings indicate that exchange across the gastrointestinal mucosa probably involves active transport mechanisms and is not entirely a function of simple diffusion or pressure gradients. The decreased transport of sodium from ileal loop to blood during adrenal cortical insufficiency (19) and the decreased gastrointestinal sodium content in ACTHtreated, fasted, nephrectomized rats (20) support this conclusion, since hormonal influences on active transport mechanisms are well known.
The gastrointestinal specific activity ratios of 0.95, 0.97, 0.99 and 0.99 for stomach, small intestine, proximal large bowel and "total" gastrointestinal contents, respectively, confirms the complete exchangeability of gastrointestinal sodium. This phase of sodium is, therefore, an integral part of the body pool of labile sodium. The lability of gastrointestinal sodium is undoubtedly not unique for rabbits, since it has been shown that there is rapid blood-to-gut (both small and large bowel) lumen transport of sodium in dogs and blood to gastric juice transport of sodium in humans (18, 21) . These data also indicate that estimates of total exchangeable sodium by radiosodium dilution include intraluminal gastrointestinal sodium, as is the case in other transcellular fluids, such as cerebrospinal fluid and pancreatic juice (21) (22) (23) . Isotopic exchange, however, does not indicate the nature of the mechanism of gastrointestinal transport. It establishes that there is blood-to-gut transport but does not distinguish among passive diffusion, exchange diffusion, electroosmosis or active transport dependent on metabolic energy.
The amount of intraluminal gastrointestinal sodium in the rabbit is substantial. It is of interest that in this species, 14.2 per cent of the Na0 is in the gut, and 72 per cent of this quantity or 10.2 per cent of the Nae is in the cecum and proximal half of the transverse colon. The distal colon contains only 1.9 per cent of the "total" gastrointestinal sodium, and the stool excretion rates averaged 2.9 per cent of the "total" gastrointestinal sodium or 0.4 per cent of the Nae (cf. Table V) . Visscher, Varco, Carr, Dean, and Erickson (18) found that sodium flux out of the colon exceeded sodium flux into the colon considerably in dogs. Judged by these findings the proximal and midcolon conserve sodium quite efficiently. The human gastrointestinal tract may contain much less sodium than the rabbit's, since postmortem analyses gave values averaging 1.6 per cent of the predicted Na4, and its distribution differs in that the small intestine contains 46 per cent of this quantity, with the remainder about equally distributed between the stomach and proximal colon (cf .  Table VI) . We cannot assume, of course, that these values apply to the living normal subject. Differences in gastrointestinal sodium content between rabbit and postmortem man may have significance, however, in view of similar differences in intraluminal gastrointestinal water contents between various species noted by Cizek (10) . The collection of gastrointestinal fluid at postmortem after catastrophic illness, needless to say, does not afford a sound basis for estimating normal values. The justification for this examination rests in the fact that animal data cannot be transposed to humans. Indeed, premortem shifts of sodium under hormonal or other physiological influences may account for the low intraluminal sodium contents found in the human subjects.
The total exchangeable sodium of normal adult humans averages 41.0 mEq. per kgm. of body weight (12, 21, 22 . Table IV ). In the human subjects studied postmortem, "total" gastrointestinal sodium averaged 0.54 mEq. per kgm. of body weight. The additional 6.0 mEq. of sodium per kgm. of body weight in the rabbit gut would, therefore, neatly match the difference in the Nae of 5.0 mEq.
per kgm. of body weight between the two species. Since postmortem studies after catastrophic illness are obviously not adequate for judgment of normal values, there is a need for further studies in human subjects, particularly in previously well individuals soon after sudden accidental death.
Kruh0ffer (24) estimated the interstitial fluidplasma volume in rabbits by inulin volume of dilution to be slightly less than 20 per cent of the body weight. This volume would contain approximately 60 mEq. of sodium. If there is a shift of sodium from the gastrointestinal tract to the interstitial-plasma compartment in response to metabolic need, gut sodium could replace up to 20 per cent of the interstitial-plasma sodium in rabbits. During short fasting periods, however, we found little or no redistribution of sodium between gut and carcass (cf. Figure 2) . In humans, shifts into this compartment might produce significant internal loss of sodium from the interstitial-plasma compartment. The finding of decreased fecal extraction of sodium with cation exchange resins in patients with edema suggests that disease states may alter sodium exchange or induce shifts of sodium across intestinal mucosa (25) .
The equilibration of radiosodium with transcellular sodium is of significance in the interpretation of body sodium anatomy based on simultaneous dilution methods using inulin and sucrose. These saccharides apparently do not penetrate gastric juice, bile or cerebrospinal fluid (24, (26) (27) (28) . The estimation of intracellular sodium by subtraction of the sodium in the inulin or sucrose volume of dilution from the total exchangeable sodium would therefore be in error in proportion to the quantity of transcellular sodium in the animals under study.
SUMMARY
Intraluminal gastrointestinal sodium content was measured in rabbits and in humans studied postmortem. In the former, gut sodium was referred to Na0 estimated with Na24, while in the latter, gut sodium was referred to predicted Na0 values.
Total exchangeable sodium averaged 46.0 + 2.0 mEq. per kgm. of body weight in rabbits. Of this, 14.2 + 2.4 per cent was found to be in the gastrointestinal tract, with 0.9 + 0.4 per cent in the stomach, 3.2 ± 1.2 per cent in the small intestine, and 10.2 ± 2.1 per cent in the proximal half of the large intestine. Radiosodium exchange equilibrium was virtually complete 24 hours after injection at all levels of the gastrointestinal tract. Fasting periods of 8 to 43 hours did not affect the quantity or distribution of gastrointestinal sodium to any appreciable extent. No significant difference in either Na0 or the quantity of intraluminal gastrointestinal sodium was found between male and female rabbits.
Human subjects at postmortem after a variety of diseases had relatively small amounts of intraluminal gastrointestinal sodium; the mean values were 1.6 per cent of the predicted Na0 in the "total" gastrointestinal tract, with 0.45 per cent in the stomach, 0.74 per cent in the small bowel and 0.36 per cent in the proximal portion of the large bowel. These data, however, cannot be taken as a reliable guide to the quantity of intraluminal sodium in living man.
The implications of these data are discussed in terms of the dynamics of sodium transport across the intestinal mucosa and the anatomy of body sodium.
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